Background: Bleaching treatments decrease shear bond strength between orthodontic brackets and teeth; although definite results have not been reported in this regard. Objectives: This study determined the effects of different bleaching protocols on the shear bond strength of orthodontic brackets to teeth. Materials and Methods: This experimental study was performed in Iran. Forty-eight extracted human premolars were randomly assigned into four groups. In the control group, no bleaching treatment was performed. In groups 2 -4, the bleaching procedures were performed using carbamide peroxide 45%, carbamide peroxide 20% and diode laser, respectively. Two weeks later, brackets were bonded to teeth and thermocycled. The shear bond strengths of the brackets to the teeth were measured. Data was analyzed by one-way ANOVA and Dunnett post-hoc test. Results: Shear bond strength of the brackets to the teeth were 10.54 ± 1.51, 6.37 ± 0.92, 7.67 ± 1.01 and 7.49 ± 1.19 MPa, in groups 1 -4, respectively. Significant differences were found between control group and all other groups (P < 0.001); and also between groups 2 and 3 (P < 0.05). No significant differences were found between the other groups. Conclusions: The bleaching procedures using 20% carbamide peroxide and 45% carbamide peroxide and diode laser significantly decreased shear bond strength of brackets to the teeth. 45% carbamide peroxide had a more significant effect on bond strength compared to 20% carbamide peroxide. The difference in bond strength was not significant between laser group and either carbamide peroxide groups.
Background
Esthetic demands have increased among patients, and they prefer to have well aligned and white teeth, showing their health and youth. Tooth bleaching and orthodontic therapy are common treatments that patients seek to have beautiful smiles. Various methods of bleaching have been introduced using different materials, such as hydrogen peroxide, carbamide peroxide and sodium perborate (1, 2) . Techniques of bleaching have been improved to have whiter and brighter teeth in the shortest time possible, with the least risk to the health of the teeth, by addition of high intensity light, heat, potassium nitrate and fluoride, etc. (3, 4) . Among lasers, diode laser has been suggested for tooth bleaching, which has the least potential to thermally damage vital teeth (2, 5) . It is suggested that bleaching treatment can cause some structural changes in the tooth enamel (1) .
Orthodontic therapy is often accompanied by esthetic problems such as white spot lesions and decalcification of the teeth surfaces beneath brackets. Therefore, fluoride-releasing composite resins have gained popularity among orthodontists for bonding orthodontic brackets to teeth. These composites are believed to prevent caries under brackets (1) .
In some cases, both bleaching and orthodontic treatment are performed in a short period of time, having effect on the outcome of each other. Some authors reported a decrease in shear bond strength of brackets to tooth enamel after bleaching (6, 7), while others suggested that bleaching has no detrimental effects on the bracketenamel bond strength (8, 9).
Objectives
Due to paucity of data, the aim of the present study was to evaluate the effect of different bleaching methods on the shear bond strength of brackets to enamel bonded with a fluoride-releasing composite resin.
Materials and Methods
This experimental in-vitro study was performed on 48 intact extracted human premolar teeth. For selecting the sample size, we used the Power and Sample size (PS) vs. 2.1.31 software (Vanderbilt University). The level of significance was set at 0.05 and the power of study was at least 80 %. All teeth were polished with prophylaxis paste and rubber cup for 10 seconds and then rinsed and dried. They were randomly assigned into four groups as follows:
Group 1 (control group): Teeth (n = 12) were kept in artificial saliva (Hypozalix, Biocodex, France) at 37°C before the study. Artificial saliva was refreshed daily. For bonding the brackets, the teeth were etched with 37% phosphoric acid (Dentsply, York, PA, USA) for 30 seconds. After that, teeth were rinsed for 20 seconds and then dried with stream of air for 20 seconds to appear opaque and frosty. Lingual metallic brackets (Gemini bracket, 3M Unitek, Monorovia, California, USA) with 3.3 mm diameter and mesh base were bonded to the etched enamel with a fluoride-releasing composite resin (Biofix, Biodinamica, Brazil). The brackets were fixed on the tooth surface with light finger pressure and the excess material was removed with a scaler and light-cured for 40 seconds with an LED light-curing unit at 800 mW/cm2 (Demi LED Light Curing System, Kerr Corp, Orange, CA, USA) from a 5 mm distance.
Group 2: In this group (n = 12), 45% carbamide peroxide gel (Opalescence; Ultradent Products, South Jordan, Utah, USA) was placed on the buccal surfaces of the teeth at 1mm thickness for 30 minutes at 37°C and 100% humidity. After removing the bleaching gel, the teeth were rinsed and dried, and kept in artificial saliva for two weeks. Afterwards, all the steps similar to group 1 were performed on the samples.
Group 3: In this group, the teeth (n = 12) were bleached with 20% carbamide peroxide gel (Opalescence; Ultradent Products, South Jordan, Utah, USA) daily for two weeks. The bleaching gel was placed on the buccal surfaces of the teeth four hours a day. During the 2-week procedure (the remaining 20 hours daily) and 2 weeks after the termination of the procedure, the teeth were kept in artificial saliva at 37°C. All the steps similar to group 1 were performed on teeth.
Group 4: In this group (n = 12), bleaching was performed with 40% aqueous hydrogen peroxide gel (Opalescence; Ultradent Products, South Jordan, Utah 84095, USA), which was activated with diode laser (Doctor Smile, Lambdaspa, 36040 Brendola, Italy) at 810 nm wavelength (power: 2.5 W). Laser irradiation was performed for 60 seconds on each sample with 1mm distance from the tooth surface in a continous, noncontact mode. After bleaching, the teeth were kept in artificial saliva for two weeks, and then the steps similar to group 1 were performed on the teeth.
After bonding the brackets, all the samples were stored in an incubator with 37°C temperature for 24 hours; and then thermo-cycled (DORSA, Tehran, Iran) for 500 cycles between 5°C and 55°C with dwell time of 30 seconds.
For shear bond strength testing, each sample was mounted in the universal testing machine (SANTAM, Tehran, Iran) and a shear force was applied parallel to the height of contour of the teeth to the interface of toothbracket in an occluso-gingival direction, with a 1-kn load cell at the crosshead speed of 0.5 mm/min. The maximum load in which the brackets were debonded was recorded and by calculating the load in the unit surface area of each sample, shear bond strength was reported in Mega Pascal (MPa) .
All the samples were tested for shear bond strength by a single observer. Data was statistically analyzed by oneway ANOVA and Dunnett multiple comparison tests using SPSS 18.0 (SPSS Inc., Chicago, IL, USA).
Results
The means and standard deviations (SD) of the bond strength data are reported in Table 1 . The results of this study showed that the bleached teeth in test groups (groups 2 -4) had significantly lower shear bond strength values compared with the control group (P < 0.001).
Dunnett's multiple comparison tests indicated significant differences in shear bond strength between control and laser groups (P < 0.001), control and 20% CP groups (P < 0.001), control and 45% CP groups (P < 0.001) and 20% CP and 45% CP groups (P < 0.05). Significant differences were not observed between CP 20% and laser groups (P = 0.98), and also between CP 45% and laser groups (P = 0.1). 
Discussion
All the bleaching methods evaluated in this study significantly reduced the shear bond strength of the brackets to tooth enamel. The shear bond strength was lower in the group in which the teeth were bleached with 45% CP compared to the 20% CP group. Thus, increase in concentration of CP was related to decrease in shear bond strength of the brackets to enamel. This result is in accordance with the reports of Patusco et al. who suggested a significant reduction in bond strength to enamel after bleaching with 35% hydrogen peroxide in comparison with 10% CP.6 However, Bishara et al. reported that bond strength is not dependent on the reverse effects of the type of bleaching agent (10) . Nano-leakage in the enamel-resin interface is reported as isolated silver granules and bubbles in bleached teeth (11) . A reduction in the amount of calcium ion, microhardness and change in the organic composition of the enamel are factors contributing to reduced shear bond strength of resin to bleached enamel (12, 13) . Bleaching with CP is reported to cause some morphologic changes on enamel surface (14) ; although it is not confirmed in other studies (15) .
Titley et al. reported obvious differences between resinbleached enamel interface and resin-unbleached enamel interface. In bleached samples, extensive areas of enamel was denuded of resin and in the areas that resin existed, the resin tags were segmented with undefined borders. These tags had a shallower penetration into the enamel surface compared to the tags in unbleached enamel (7). Titley et al. also reported the existence of bubbles and granules in the SEM observations of the bleached enamel-resin interface (16) . SEM observations also indicated a reverse association between the amount of bubbles in the bond areas and bond strength values. These bubbles are believed to be oxygen molecules from the oxidation of peroxide agents trapped in the subsurface layer of enamel (7) . CP releases oxygen free radicals which are responsible for breaking the complex molecules into smaller ones and this way whitening the tooth color (17) . Existence of these molecules in the surface and subsurface layers of enamel is a deterrent for polymerization of resin components and therefore a strong bond between resin and tooth structure (17) . As suggested in literature (10, (18) (19) (20) , we bonded the brackets two weeks after termination of the bleaching process to minimize the effect of free radicals on bond strength of resin to enamel. Oztas et al. reported a recovery in bond strength values after two weeks delay for bonding process after the bleaching treatment (20) . However, a two-week lag between bleaching and bonding process did not cause the recovery of shear bond strength to a level similar to the control group in the present study.
The advantage of the present study was comparison of routine bleaching protocols, including at-home, inoffice and laser bleaching for their effects on shear bond strength of resin to tooth enamel and seek for the method with the least detrimental effect on the bond strength of brackets to teeth.
In the present study, similar effects on bond strength were observed after bleaching with laser, and other techniques of bleaching. This indicates that laser did not have adverse thermal effects on the tooth structure, as a result, no further decrease in bond strength due to thermal destruction of the tooth structure. Although, it did not have any benefit over other techniques of bleaching in restoring the shear bond strength of resin to tooth surface. In the study of Kinoshita et al, KTP laser in combination with a bleaching material was very effective in lightening the color of a damaged and discolored tooth, while using this laser for more than 750 seconds could damage the tooth enamel structure (21) .
The minimum acceptable bond strength values of brackets to teeth are suggested to be 6-8 MPa, and the maximum bond strength to prevent enamel fracture is reported as 14 Mpa (17, 22) . Although in the present study, the shear bond strength of brackets to teeth was significantly reduced with all the bleaching methods, the bond strength in all the groups was in clinically acceptable range.
Other studies with more similar conditions to oral environment and evaluating various concentrations and combinations of the bleaching agents, and also various bonding agents are suggested to be performed to obtain more precise results. Within the limitations of the present study, it is concluded that bleaching teeth with CP 20%, CP 45% and diode laser could significantly reduce the shear bond strength of brackets to teeth bonded with fluoride-releasing composite resin. 45% carbamide peroxide had a more significant effect on bond strength compared to 20% carbamide peroxide. The difference in bond strength value was not significant between laser group and either carbamide peroxide groups.
